We have given a brief summary of the scale of the problem caused by venous ulceration in the UK, and have then reviewed the various theories of causation, including a historical survey, and presented the evidence for and against the two main current theories offibrin cuffs and white cell trapping. We also outline previous hypotheses of the aetiology of venous ulceration, including arteriovenous microanastomoses, stasis and oedema. The contribution of superficial venous incompetence in the pathogenesis of ulceration is also examined.
Introduction
Ulceration of the leg is a major cause of morbidity, venous causes accounting for the majority. Other causes include arterial disease, diabetes, and vasculitis resulting from connective tissue diseases such as rheumatoid disease or scleroderma. Less common causes include hypertension (Martorell's ulcer), trauma, lymphoedema, tropical ulcers, ulceration associated with steroid treatment, and blood diseases such as sickle cell anaemia, thallassaemia, haemolytic anaemia and hereditary spherocytosis.
The prevalence of venous ulceration in western countries is estimated at 0.1-0.3%.1-4 It has also been estimated that for every patient with an ulcer there are 20-30 patients with the characteristic skin changes of lipodermatosclerosis (LDS) which precede ulceration.5 This suggests that 100,000 patients have active ulceration at a given time in the United Kingdom, which causes an enormous drain on the Health Service in both in-patient and outpatient treatment. The cost to the National Health Service for the treatment of leg ulceration has been estimated at being at least £100,000,000 per annum6 and to cost £1,200 for each unhealed ulcer per year. 7 The cause of skin ulceration in venous disease is not known and a number of hypotheses regarding its pathogenesis have been suggested. This paper provides a critical review of these hypotheses.
History
Although varicose veins were probably recognized in prehistory, the first written reference appears to be the Ebers papyrus, dated 1550 BC. However, Hippocrates was the first to note the association between varicose veins and ulceration. 8 During Roman times, a number of physicians, including Galen, Celsus, Aetius of Amida and Paulus Aegineta advised avulsion and cauterization for the treatment of varicose veins, and the use of bandages for the treatment of leg ulcers.9 Following this, from the 10th to the 18th century, various physicians, including Haly Abbas, Avicenna, Fallopio and Pare attributed ulceration of the legs to the accumulation of black bile, bad humours, menstrual blood and faeculant humours.'°They believed that ulceration in the legs served a useful purpose in getting rid of these vile substances. Thus, they did not encourage healing of ulcers, and some went as far as advocating re-opening ulcers that had healed spontaneously, as they believed that ill-health and madness would ensue if this was not done. Richard Wiseman" was aware that varicose veins were associated with leg ulcers in the 17th century but, during the 18th century, various authors including Bell, Baynton and Whately did not believe that leg ulceration was attributable to or associated with varicose veins. During this time, plaster and bandages were used in the treatment of ulcers. ' (LDS) skin,' though it may be that when histological sections are taken through a coiled capillary, it is not appreciated that there are several cuts through the same convoluted capillary, rather than cuts through different capillaries. Furthermore, histological sections of the skin often include dermal capillaries rather than just the papillary nutritional capillaries seen on capillary microscopy. The capillaries in venous disease are not only dilated, coiled, and reduced in number, but also more widely separated, which Fagrell believed was due to micro-oedema formation. This may result in an inability to supply enough oxygen to the tissue during periods of increased demand, for example, following injury. Another feature of the microcirculation in LDS is the increased skin blood flow as measured by laser Doppler fluxmetry. This has been shown to be 1.5 -2 times greater than comparable skin in normal controls.6738 although the cause of this is not known.
Fibrin cuff theory
In 1982, Browse and Burnand put forward their fibrin cuffhypothesis to explain the cause ofvenous ulceration.' This was based on the observations of Landis69 who showed that elevated venous pressure resulted in elevated capillary pressure and permeability, and of Whimster,' who reported enlargement of the dermal capillaries in patients with venous disease. The 'fibrin cuff' hypothesis suggested that with increased venous pressure, pores between the endothelial cells lining the capillaries stretched, increasing the permeability ofcapillaries and allowing large molecules, in particular fibrinogen, to escape into the interstitial tissue. Fibrinogen then polymerizes into fibrin to form pericapillary fibrin cuffs. These pericapillary cuffs act as a diffusion barrier, preventing oxygen and 'other nutrients' from reaching the skin and resulting in cell death and ulceration. It was found that the treatment group had a 28% reduction in the area of LDS compared to 14% in the placebo group but, when multivariate analysis of the effects of each component in the treatment was analysed, the effect attributable to stanozolol alone was not statistically significant. Furthermore, no changes in the tissue pressure of oxygen (TCPO2) in the skin of either group was seen despite the reduction in the area of LDS.
The fibrin cuff hypothesis is also supported by studies that have shown reduced levels of TcPO2 using a Clark-type surface skin electrode over the LDS skin of patients with venous disease. [81] [82] [83] [84] [85] However, the technique of TCPO2 measurement depends on the ability to cause maximal vasodilatation by heating the skin to 43-44°C, and it has been shown recently that it may not be possible to cause maximal vasodilatation in the areas of LDS in patients with venous disease.3" This may invalidate studies where the TcPO2 reading was taken at 43-44°C; in fact, when the TcPO2 has been measured at 37TC instead of 43°C, the oxygenation of the skin of patients with venous disease appears to be higher than that in normal controls.86 As there have been no direct measurements of the tissue oxygen tension in patients with venous disease, the assumption that skin oxygenation is reduced in venous disease remains unproven.
Oxygen extraction in the skin, using positron emission tomography, has been found to be lower in the affected limb compared to the 'normal' limb in patients with venous disease.37 However on activation, release the cytokines interleukin-1 (IL-1) and possibly also tumour necrosis factor alpha (alpha-TNF).'0' These may also activate endothelial cells resulting in increased vascular permeability,'02 which may be the mechanism by which fibrinogen passes into the pericapillary spaces and forms fibrin cuffs.
The first part of the 'white cell hypothesis' suggesting tissue hypoxia as a result of capillary plugging cannot be supported, as there is no proof that there is tissue hypoxia in LDS skin. However, there is evidence that white cell activation occurs. Skin biopsies taken from patients with venous disease showed that there was a low number of white cells in the skin of patients without LDS, while in patients with LDS without ulceration, the number of white cells in the skin was increased eight-fold, and in patients with ulceration, there was a 40-fold increase.'03 However, neither the type of white cells nor their relationship to capillaries was addressed, and this study may be interpreted as confirmatory evidence ofthe presence ofinflammation in the skin of patients with LDS and ulceration. There is other indirect evidence confirming white cell activity. Pentoxifylline (Trental, Hoechst), which antagonizes the effects of alpha-TNF and IL-1, has been shown to promote ulcer healing when used in conjunction with compression therapy,104 although it has many other rheological properties which may also be important. Prostglandin E,, which prevents the release of free radicals from neutrophils, has been shown to be beneficial in patients with venous ulceration,'05 as have free-radical scavengers applied topically to ulcers.'" To date, there have been no studies showing activation of white cells and the release of free radicals on increasing the venous pressure. This is because of difficulty in measuring this phenomenon, although we are currently attempting to address the problem by measuring chemiluminescence from activated white cells in vivo. As with the fibrin cuff hypothesis, the white cell hypothesis waits to be proven.
Conclusion
Of the many theories of venous ulceration outlined above, all postulate raised venous pressure as the initiating agent, and all agree that damage to the microcirculation is the initiator of cell damage. However, only two theories are currently in voguethe fibrin cufftheory and white cell trapping theory. Of the former, although the presence of fibrin cuffs is not in doubt, their -role as causative agent is unproven, as currently no adverse effects directly attributable to their presence has been shown. Plugging of capillaries by white blood cells as postulated by the white cell trapping theory has not been shown, although there is considerable evidence of their margination and migration from within the circulation during periods of venous hypertension, and some evidence that free radical and proteolytic enzyme release could be the causation of venous ulceration.
